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A. C. HAGEDOORN, Med.Abts, and A. L. HAGEDOORN, Ph.D. 

In treating a large group of animals from the stand- 
point of a systematical zoologist, it makes a very great 
amount of difference whether one does the work in the 
region inhabited by the animals, or somewhere else with 
the aid of collections in a museum. A real systematist, 
of the museum kind, does not come into touch with a 
number of very real problems which present themselves 
to field workers, and when he does, he has every induce- 
ment to brush them aside with an authoritative gesture, 
as he is not in a position to valuate their importance. He 
takes for granted that two similar skins with similar 
skulls which he receives from the same place, correspond 
to a multitude of individuals, all with these same char- 
acters ; that they are a sample of a multitude of animals 
all exactly alike, and when he finds that animals of such a 
description have not hitherto been named, he can invent 
a well-sounding name for the two skins, and publish 
a description, and henceforth this description of the type 
specimen and this species name are welded together. If 
it so happens that an animal is never again collected 
which corresponds to the published description, the 
species becomes known as very rare. 

There exist conventional rules, which, in the descrip- 
tions of species in certain groups, ascribe more value to 
certain characters than to others. In the systematic clas- 
sification of rats, the points which are specially noted 
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in this connection are the shape of certain ridges on the 
skull, pads on the soles of the hind feet, the relative length 
of the tail, the length of molar complexes, and the length 
of the ears. 

It is significant to observe, how every field worker 
who occupies himself specially with rats has his own 
opinion about the relative importance of these different 
points for the systematic classification of the animals, and 
discovers very soon that the work done in museums does 
not materially help him in his quest. 

In 1915 one of us was commissioned by the government 
of the Netherlands to make a biological and zoological 
study of the rat population of the Dutch East-Indian col- 
onies, more especially of the island of Java, with the 
ultimate object to find out what measures could be taken 
to prevent the exceptionally serious damage to public 
health and to agriculture caused by rats. Some pre- 
liminary work on the subject had been done by medical 
investigators and by a systematist working with pre- 
served specimens in Holland. The systematic-zoological 
work in Java was begun some years previously by Maj. 
G-. Ouwens, who is continuing the work after we were 
obliged, for reasons of personal health, to leave the 
tropics. 

Very soon after arrival we discovered how very little 
the work done in European museums was to help us out in 
the field. "We are not systematic zoologists, and our rea- 
sons for accepting the task lay in the promise the material 
gave of throwing light on the question of species (in 
which it has not disappointed us) . Therefore the only 
group of animals with which we have at all deeply con- 
cerned Ourselves with systematics is the rat, and we 
would not be prepared to maintain that for other groups 
the ordinary museum-zoology lias so little value in giving, 
a conception of the relationship between species in nature. 
Still, the study of rats from a semi-economical point of 
view has certain advantages over purely scientific col- 
lecting, as the material studied is very plentiful, and an 
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extraordinarily great number of keen-eyed persons, public 
health officials, anxious owners of coffee-plantations, 
managers of sugar factories, native officials in rice-grow- 
ing centers, are continually observing the animals, and are 
more than willing to collect extraordinary large numbers 
on request. It is not uncommon for any one studying rats 
to see several hundred animals brought together for him 
to look over, and one of us has had the occasion to observe 
a batch of ten thousand rats in one day within the grounds 
of a sugar factory where between nine and twelve thou- 
sand rats were killed daily for several years. 

The study of rats has set several authors, to speculate 
as to the nature and the origin of species. Very prominent 
amongst these is Lloyd (The growth of groups in the 
animal kingdom). Our conclusions differ materially 
from those of Lloyd, however. The reason for this dif- 
ference, we venture to think, lies, chiefly in the fact that 
whereas Lloyd studied dead rats, and speculated upon the 
origin of his animals, more especially of aberrant types, 
we have been breeding rats for some six years, and have 
witnessed the origin of aberrant types. The examples in 
this paper will be found to be nearly all taken from rats. 

When it is found in field work, that two species-names, 
each given to a skin in a museum drawer, in reality corre- 
spond to two real groups in nature, of which they are 
representative, we may be dealing with one of two dif- 
ferent possibilities. It may be that the variability within 
the first group is not so great that individuals belonging 
to it fall within the limits of variability of the second 
group, or it may happen that two different skins in a 
museum belong to one highly variable group of animals, 
in which it is difficult to establish dividing lines. If, for 
instance, two skins with different names in a museum 
differ considerably in size, it may happen that even the 
largest animals of the group to which the smallest skin 
belongs are still very much smaller than the smallest 
adult individuals of the group which corresponds to the 
bigger skin. It may happen that two skins are consider- 



388 THE AMERICAN NATURALIST [Vol. LI 

ably different in a preserved state in respect to some 
salient character, whereas in nature this very character 
may be found to be so variable even within a small, 
closely related family of animals, that it has no value 
whatever for distinguishing two species. A case in point 
is the presence or otherwise of flattened hairs, or spines 
in the coat of rats. On the other hand, it may happen that 
two species, if once they are dried and preserved in a 
museum, present no, or, no appreciable, differences, 
whereas in reality, these two species may be found to 
differ very definitely biologically. As an illustration we 
may cite the case of the field-rat and the tree-Tat in Java. 

The easiest way out of the difficulty is the one 
taken by a great many zoologists, working through large 
collections of animals in museums namely, to give a new 
species-name to every animal which differs markedly 
from other described species, and which as yet goes with- 
out a name. 

But if one wants to go deeper into the subject, if one 
wants to know whether these species of the drawer have 
their counterpart in as many species in the forest and 
field, the task becomes more difficult and even hopeless for 
a great many investigators. As soon as specialists take 
in hand some group or other, it is very soon obvious that 
the task of finding out just how many species they are 
dealing with and how they differ is very much more com- 
plicated than it looked when studying the collections in a 
museum, however well stocked. In treating rat material 
from a zoological-systematical standpoint, a number of 
problems confront the investigator from the very outset, 
and he must try to find his own solutions. Every inves- 
tigator treats the material in his own way, and where one 
man makes fifty species, some other man will make two 
species out of the same material. It is evident, that if the 
term "species" means anything at all, it must hypo- 
thetical^ be possible to divide the material into a fixed 
number of species, neither more nor less. The vague way 
in which the term "species" is applied, must be chiefly 
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responsible for the unrestricted feeling of personal lib- 
erty which systematists undoubtedly have about the way 
in which they divide a number of dried animals into 
species. It is for this reason that it here becomes neces- 
sary first of all to give our definition of the term 
' ' species. ' ' 

For numerous systematists, a "species" is the descrip- 
tion of a skin and a skull deposited in a museum— the type- 
specimen— and to this species belong all the animals which 
have just such a skin and skull. Some few botanists are 
just now trying to reserve the term for a group of animals 
or plants which have the same genotype, the same set of 
inherited factors of development. As long as we concern 
ourselves with autogamous plants, such a definition might 
pass, we might, at least hypothetically, divide a popula- 
tion of such plants into a number of species and a few 
hybrid individuals. 

It is very obvious that this definition of "species" falls 
short, as soon as we concern ourselves with animals, or 
with allogamous plants. In such groups, according to 
this definition, there would be no species. Even the geno- 
typically purest group of animals would in every instance 
still be composed of two species, the males and the 
females, for we now know that the sex difference is caused 
by a difference in genotype. 1 Therefore, such a definition 
of the term although very concise and very short, is prac- 
tically untenable. 

When we say : Species are those groups of individuals, 
which have a common genotype, and which are pure for 
that genotype, we can most certainly concede to Lotsy that 
species are not variable, 2 but if we do so, we limit the use 
of the old word ' ' species ' ' to those groups of plants which 
really are pure and therefore invariable, so that they can 
not be changed by selection, natural or artificial. 

If we solemnly state that dogs have short twisted tails, 

i ' ' Mendelian Inheritance of Sex, " A. L. Hagedoorn, ArcJiiv filr Ent- 
wieTcUingsmechanile, 1909. 

2 J. P. Lotsy, Handelingen van het Natuur en Geneeslcundig Congres te 
Delft, 1912. 
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we are perfectly within our rights when we us© the term 
"dog" for bulldogs only. But such a statement brings 
us no insight in the shape or the length and variability of 
the tail in the big group of animals which everybody, ex- 
cepting breeders of bulldogs, knows under the name of 
"dogs." 

We can say : ' ' Carriages have small wire rubber-banded 
wheels ' ' and if so we are within our rights if we limit the 
term carriage to baby-carriages., but all such and similar 
statements of wheat-growers, breeders of bulldogs and 
manufacturers of baby-carriages, no matter how plausible 
they may look to the people under consideration, have 
this one thing in common, that they may not be general; 
ized. Breeders of New Foundland dogs have as much 
right to reserve the name dog for their animals, and to 
say that dogs have long bushy tails, as the breeders of 
bulldogs did, and if we permit the manufacturers of 
gocarts to reserve the term ' ' carriage ' ' for their product, 
and if we allow the breeders of autogamous plants to 
limit the term species to species of wheat and barley and 
peas, manufacturers of Pullman carriages certainly have 
the right to state '"Carriages are ninety-five feet long and 
are entered by steps four feet from the ground" and the 
breeders of sugarbeets or rye, and the zoologists will have 
the right to state that species are variable. 

When we want to make a definition of the term 

species" we must make it so that it fits rat-species as 
well as wheat-species, and in such a way that the gene- 
ticians as well as the systematicians can apply it to the 
things they are wont to call by the name. 

We know that all the different genes, all the different 
inherited factors whose cooperation or non-cooperation 
to the development of the most diverse organisms pro- 
duces the hereditary differences among them, are each 
in themselves invariable. We have called this invariabil- 
ity of the genes Johannsen's law. 3 Only in this way can 

s A. L. Hagedoorn, "Wetten en Kegels in Genetiea en Eugenetica, " 
Handelingen van het Genootschap van Natuur, Genees-en Meelkunde, 1913. 
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one explain that those groups of plants, which are so 
constituted that they hecome automatically pure in a short 
number of generation — the autogamous plants— con- 
sist in the main of pure and invariable species, which can 
not be changed by any amount of selection. 4 Selection 
within a group of plants which descends from one indi- 
vidual, homozygous for all its genes by a continued auto- 
fecundation, is ineffective. As we have the name "pure 
line" for these groups of plants, there is no good reason 
to limit the use of the term "species" to these groups 
exclusively. 

Liability to change by selection is synonymous with 
genotypic variability, and this true variability is synony- 
mous with impurity. Those species which do not exist 
exclusively of individuals which are all mutually identical 
in respect to all their genes, are variable and therefore 
liable to change by selection. One single, genotypically 
pure species as a rule can not give rise to new species. 
There have become known a few cases 5 of real spon- 
taneous genovariation, mutation, in which every known 
cause for change in genotype was excluded (one of us has 
noted three such instances in the mouse) ; but as in every 
instance we have been concerned with a dropping out of 
one gene we can practically leave them out of account 
here. There exist pure species, but there certainly also 
exist variable species, species which are certainly liable 
to change by selection. 

In evolution we are certainly concerned with two dif- 
ferent sets of processes, on the one hand with the causes 
of variability, and on the other hand with the processes 
which limit variability. 

Throughout this paper we will call total potential 
variability the quantity of genes which not all the mem- 

4 A. C. Hagedoorn and A. L. Hagedoorn, "Studies on Variation and Se- 
lection," Zeitschr. filr Induktive Abstammungs- und Vererbungslehre, 1914. 
A. C. Hagedoorn and A. L. Hagedoorn, "Oan Selection improve the Quality 
of a Pure Strain of Plants?" Journal of the Board of Agriculture, 1914. 

5 A. L. Hagedoorn, ' ' The Genetic Factors in the Development of the 
House-mouse," Zeitschrift filr Induktive Abstammungs- und Yererbungs- 
lehre, 1911. 
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bers of a group have in common, or for which they are 
not pure (homozygous), and the variability which this 
impurity makes possible in the descendants. 

At least ideally, we can express the potential variability 
of a group of individuals in a number. There certainly 
exist species with a total potential variability of zero ; 
these are, for instance, the pure lines of certain autogam- 
ous plants, those species for which Lotsy would like to re- 
serve the term species altogether. 

We will now try, by the aid of this new term, total poten- 
tial variability, to give such a definition of the word 
"species" that it comprises everything which zoologists 
and botanists, geneticians and systematists, have vaguely 
meant by it. Our definition is as follows : 

A species is a group of individuals which is so consti- 
tuted genotypically and ivhich is so situated, that it auto- 
matically tends to restrict its total potential variability. 

Every group of individuals which is closed to the ad- 
mixture of individuals from without, such as the de- 
scendants of an autogamous plant, the dogs or cattle in 
an exclusive stud, a "Paarungsgenossenschaft" of ani- 
mals or plants bound by a peculiar habitat, has the tend- 
ency to become purer and purer automatically, and to 
reduce its variability continually. Species' originate, 
given a certain variability of a group of individuals, 
through all those agencies separately or in combination 
which bring a group of individuals (not necessarily a 
small group) into such conditions that the new group has 
a tendency to become pure for its own genotype. "We can 
not say in general that species are produced by inbreed- 
ing, or by isolation, or by a change of habitat, or by 
colonization, or by selection exclusively. An individual 
or a group must have a certain amount of potential vari- 
ability to be able to produce a species, different from the 
one to : which it belongs. 

We know now that the genes themselves are invariable. 
There remain only very few authors who still believe in 
the variability of the genes. It is therefore necessary to 
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find out the causes for genovariability. Eeal mutation, 
as far as we know, exclusively consists of an occasional 
loss of a gene without visible cause. Mutation therefore 
can at the utmost heighten the potential variability by 
one. De Vries's conception of periods of mutation is at 
present only of historical interest. 

In our opinion, crossing, recombination of genes by 
mating of individuals of unequal genotype, is to be re- 
garded as the only real cause of variability. There is no 
good reason to change the opinion of one of us, namely, 
that there exist three different kinds of variability. 8 

A. Modification, the non-inheritable effect of the non- 
genetic developmental factors. 

B. Real inheritable variation caused by mutation, loss 
of genes. 

C. Real inheritable variation by recombination of 
genes. 

Lotsyhas subscribed to our statement (loc. tit.) with the 
exception that he denies the existence of loss-mutations. 

We can no more say that species originate by crossing, 
than that they originate by isolation. New pure lines of 
autogamous plants, the kind of species for which Lotsy 
wants to reserve the term, can of course originate in the 
descendance of one hybrid plant. 'There is no funda- 
mental difference between evolution in these plants in a 
state of cultivation and what it must be in nature. But 
in allogamous organisms, we will only in exceptional cases 
meet in nature the same course of evolution as in our 
cages or experimental plots. 

Even if crossing in the widest sense is the sole cause of 
variabilty, we must not suppose that, as a rule, new species 
come into being in the F 2 or F 3 generation from a cross. 
If we make a hybrid between species, this hybrid indi- 
vidual will have a total potential variability which is at 
least as great as the number of genes which were not 
common property of both the forms crossed. If we com- 

6 A. L. Hagedoorn, ' ' Autokatalitical Substances the Determinants for 
the Inheritable Characters, ' ' Roux ' serie Vortrage und Auf satze iiber Ent- 
wicklungsmechanik, Leipzig, 1911. 
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pose a group of nothing but such hybrid individuals we 
will get an enormous amount of variability in succeeding 
generations, and when the group gradually becomes more 
and more pure for an own genotype this may be a com- 
pletely new one. A species may have been produced with 
totally new characters, possibly intermediary between the 
parent species in some of them. The chance that hybrids 
of allogamous organisms, even if they are viable and 
perfectly fertile, will inter se produce a new species is 
exceedingly small in nature. It is much more probable 
that the process of species formation after crossing is as 
follows : 

There exists a species A, with a restricted potential 
variability, a set of habits and mode of living all of its 
own, adapted to a certain environment. As a general 
rule, individuals of this species A mate exclusively with 
members of their own species. Once in a while, small 
groups may split themselves off from the multitude by 
colonization, and each of these groups will have its own 
potential variability, and each will gradually become pure 
for its own genotype, and will be less variable than the 
multitude. 

In the same country there exists a species B, with a 
slightly different genotype, a different potential variabil- 
ity. Species B is somewhat differently built, somewhat 
differently coated, compared with A, and therefore fits 
into a somewhat different environment. As a rule, indi- 
viduals of the two species do not come into touch. Let 
us take as examples the grey-bellied Mus alexandrinum 
which lives in houses and on roofs in northern Africa, 
and the white-bellied Mus tectorum, which lives in trees 
in the same countries. The same holds true for the house- 
rat and the field-rat in Java, likewise for the house-rat 
and the tree-rat. 

Even if matings between the two species furnish hybrids 
which are completely fertile, even in localities where two 
species overlap and are plentiful, the occasional hybrids 
will be far in the minority compared to individuals pro- 
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duced by matings between house-rats and house-rats or 
tree-rats inter se. If the occasional hybrids grow up, 
they will either become house-rats or tree-rats, biolog- 
ically speaking. In the first case they will mate with in- 
dividuals of the house-rat population, in the other case 
with tree-rats. A new group, so situated that its potential 
variability is bound to be reduced to produce a genotype 
of its own or a new species, these, a few hybrid rats will 
certainly not produce. A single mating of a house-rat 
female with a tree-rat male may be the cause for a height- 
ening of the potential variability of the house-rat popula- 
tion into which the hybrids merge. Eventually this higher 
potential variability will be reduced again. And re- 
versely, an occasional mating of tree-rat females with 
house-rat males may be the cause for a greater potential 
variability of the group of tree-rats to which the females 
belong. 

If it so happens that a few animals colonize out of such 
a population at the time when the potential variability is 
still higher than ordinarily, such a colony, which will 
have a potential variability smaller than that of the mul- 
titude, will have a chance of having a range of variability 
differing from that of the multitude. Such a group may 
become pure in respect to a somewhat longer tail, a some- 
what darker belly or a somewhat greater size, as com- 
pared to the population from which it ultimately was de- 
rived. 

Very good examples of such a process can easily be 
found by observing the evolution of certain species of 
dogs or poultry under domestication. For instance, the 
species Airedale terrier has become variable, and there- 
fore liable to the influence of selection in different direc- 
tions, because of the fact that hybrids with Dobermann 
pincher in Germany, and with the Gordon setter in Eng- 
land, have been taken up into the species, the stud not 
having been closed rigorously, such as the Sloughi stud, 
or the Jersey cattle stud. But it must not be thought 
that a new, improved species of Airedale terrier has been 
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bred from such hybrid's 'inter se. The potential variabil- 
ity of the collie was very small, a few years ago. Hybrids 
with the Bussian wolfdog have been taken up into the 
species. For this reason the variability has been very 
extensive during a number of years. And at present this 
variability is reduced again, by selection. In the mean- 
time the species has been changed as a whole, the fashion 
having changed and having made much of the possi- 
bilities afforded by the cross. The collie, which formerly 
was an intelligent, affectionate dog, with a head shaped 
like a fox; inclined to be noisy, and to run after every- 
thing; with long straight, outstanding hair, and with color 
ranging between black and tan, and sable, with a variable 
amount of white, has changed completely. The show 
collie now is rather a treacherous and surly dog, with a 
head shaped like that of a llama, silent and lazy, with hair 
which inclines to be soft and wavy. The color is much 
more variable and now includes white, slaty, creamy, and 
generally fade tints. 

In chickens, crossing is a common way of "improving" 
a species, and in all those instances we happen to know, 
the hybrids were made by using an individual presenting 
a character which it was thought desirable to fix into the 
breed, or a certain degree of development of a character, 
not reached by even the best individuals. Such an indi- 
vidual used for crossing is sometimes a pure-bred animal 
of another species, but much more often a mongrel of un- 
known extraction, happening to be somewhat like the 
breed to be improved, with the exception noted above. 
It is the practice to breed the hybrids obtained from the 
cross back to the species, and their offspring again, 
always selecting those individuals which come nearest to 
the general conformation of the species, but which have 
the character to be fixed into the breed. For instance 
one may want to breed blue Wyandottes. The breeder 
will then take any blue fowl which happens to look some- 
what like a Wyandotte, mate it into a strain of first-class 
white or black Wyandottes, breed the hybrids back into 
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his species, selecting from among their blue offspring 
those- which are the most like a good exhibition Wyan- 
dotte, and so on, for a number of generations. It is easy 
to see that in such a case the general potential variability 
of the whole group is very much increased. It diminishes 
automatically again, because of the fact that in every 
generation a few animals produce a great number of off- 
spring. If ten young cockerells of a new species of fowl 
were habitually derived from ten fathers, the progress 
in the direction of purification, "fixing" the breed, would 
be almost nothing. But as ten young males habitually 
have only one or on the average less than one father, in 
other words, as only a very small percentage of males 
in every generation is used for breeding purposes, auto- 
matic purification, automatic diminishing of the total 
potential variability of the group, is very rapid. It is to 
be noted that in the absence of selection, the group may 
become pure for almost any conceivable genotype given 
in the potential variability, the genotypic diversity of the 
first animals. Therefore any character which has re- 
ceived no or small attention from the breeder may turn 
out to be different from what it was in the species to be 
altered into a new breed. It is for this reason, very com- 
mon to observe that a number of apparently closely re- 
lated species in the common fowl, or in domestic pigeons, 
differ, not only in the points which are obvious to every 
observer, but in other minor points as well, points which 
need not be in any way correlative to the obvious dif- 
ferences. A few examples. The different species of Leg- 
horn resemble each other very closely, differing to a 
casual observer in color only. But the comb of black 
Leghorns is noticeably larger than that in white and 
brown Leghorns and the ears, of the black species are 
larger than in the brown and the white. The white Leg- 
horn has a lesser tendency to become broody than the 
buff. The hens lay more eggs than those of the buff or 
the black breed. The plumage is generally looser and 
longer in buff Leghorns than in blacks. 
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In the Wyandotte group of species, the texture of the 
comb is very different in the blue kind from what it is in 
the silver "Wyandotte. The length of the tail feathers 
differs very much in the different breeds. The white 
Wyandotte lays dark brown eggs, the silver Wyandotte 
lays salmon-colored eggs with minute white spots, the 
black Wyandotte lays white eggs. 

It is very rare for new species in chickens and pigeons 
to come up to the quality of old established ones, unless 
the fashion or standard happens to change. The shape 
and carriage of the tail, and the general shape of the body 
are very much better in white Fantail pigeons than in the 
newer black-tailed whites or white-tailed blacks. And the 
shape of the new blue Wyandotte is not yet what it is in 
the white and the silver. 

We know of only a few instances of new dog or poultry 
species being bred from hybrids inter se. In those cases 
the breeders had no very definite object in view to start 
with. This mode of origin of species under domestication 
is certainly not the common one. Species of cultivated 
animals are commonly being changed by a very notice- 
able conscious selection. The variability necessary for 
improvement is continually kept up, sometimes by de- 
liberate, but mostly by a kind of unintentional crossing, 
that is to say by admitting exceptionally fine offspring 
produced by matings of hybrids back to the species, into 
the registry. On the other hand, automatic purification, 
automatic reduction of the heightened .potential variabil- 
ity, is the necessary outcome of the fact that only very 
few and very exceptionally "good" males are used as 
breeders. 

Species of tame animals, especially fertile ones as 
chickens, are easily kept apart so that excessive splitting 
up into secondary species is possible and even the rule. 
For instance, in those species in which a certain much 
sought quality is influenced by the internal secretion of 
the sex-glands, it is obviously impossible to make a pure 
strain in which both males and females come up to one 
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standard. In silver "Wyandottes, the standard calls for 
white feathers, which are bordered by a line of black. 
Now the males are very much lighter than the females, 
so that in a pure species, in which the males are correctly 
marked, the hens are too dark and in a strain in which the 
hens are good, the males are too light. The only way out 
of the difficulty has- been the establishment of two dif- 
ferent species, one which produces correct males and the 
other which produces exhibition hens. This splitting up 
of a species into two is very common in chickens. Such 
pairs of two species are kept as far apart by careful 
breeders as "Wyandottes and Leghorns. 

In the natural state, two species, even when hybrids 
between them are perfectly fertile, and when the indi- 
viduals exhibit no preference for mating with their kind, 
may keep apart, if only each group is specially adapted 
to an own environment, so that the bulk of the animals of 
each species has no chance of mating with anything but 
their kind. 

Even if there is no adaptation to an environment to 
keep the multitude of the individuals of a species in their 
place, two species may keep apart when only the animal's 
habits keep them from wandering very far. In siich a 
case the borderline, where outposts of both species^ mix, 
will present a highly variable population of hybrids of 
all grades, the variation becoming less and less the more 
we look for the animals in the exclusive territory of each 
species. A case in point is, we think, the case of the two 
woodpeckers cited by "William Bateson. 7 "When the spe- 
cies differ in only one salient characteristic, the difference 
between them being in the main due to the presence or 
absence of only one gene, intermediates must be absent. 
In such a case the two species may be present in more or 
less extensive patches, separated from each other by 
narrow strips of territory having a mixed population. 
Such seems to be the case of the black and the hooded 
crows in Europe. Here adaptation plays no role ap- 
parently. 

7 William Bateson, ' ' Problems of Genetics, ' ' Cambridge. 
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In one territory, two species can coexist only if for 
some reason matings between individuals of different 
species are impossible or at least less common than 
matings between members of the same species, or when 
the hybrids are sterile. 

CSTo matter where we find rats of the Eattns group there 
are never more than one kind of tree-rat of this group, one 
house-rat, and one field-rat simultaneously present in one 
locality, the tree-rat living and foraging in trees, and 
being exceptionally aggressive, the house-rat living in 
houses, fearing water, and not afraid of man, the field- 
rat living even far from cover, scarcely able to climb and 
too timid to enter inhabited houses. In some regions 
miniature rats, belonging to the same group, but too small 
to mate with the bigger species as a rule, inhabit houses 
and fields, it being very probable that these belong to two 
species, a small field-rat and a small house-rat. 

Such a set of three rat species, a tree-rat, a house-rat 
and a field-rat, we not only find in Java, but also on Su- 
matra, the Malay peninsula, British-India and Egypt. 

It is our experience that rats of the Rattus group cross 
with the utmost facility, and produce fertile hybrids. We 
have come to the conclusion that the majority of house 
rats remain pure for their own characteristics, even for 
those which have no value whatever for the adaptation 
of the species to its surroundings, not because no hybrids 
are produced with tree-rats or with field-rats, or not be- 
cause Such hybrids when produced are sterile, but for the 
simple reason that such hybrids are so far in the minority 
that they disappear into the multitude of house-rats, and 
that the heightening of the potential variability of the 
house-rat multitude by such occasional crosses is only 
local and very transitory. The same is true for the field- 
rat multitude and the tree-rat population. Crossing pro- 
duces for each of the three species a heightening of the 
potential variability, and therefore it is possible that 
more or less temporarily, there come into being small col- 
onies of somewhat aberrant house-rats or field-rats, in 
isolated places. 
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In Solo and Djocjacarta' in Java, the great tobacco- 
growing' companies erect enormously big sheds con- 
structed of a very complicated scaffolding of heavy bam- 
boo, with a thick thatched roof made of palm leaves. 
Such sheds are erected in the midst of the fields, mostly 
far from native villages. The native laborers leave food 
about the structure, so that it very soon becomes inhabited 
by rats. Now the rat population of these drying sheds is 
always composed of house-rats ; field-rats are too timid to 
live permanently in places where human beings move 
about so much. But as the sheds are built in isolated 
places, they do not get their house-rat population as such 
from neighboring houses. We are convinced that into the 
composition of such rat populations, field-rats, and 
hybrids between field-rats and house-rats- enter to some 
extent. This is the explanation of the fact, that very 
often the rat population of such a shed is found to be 
composed of an aberrant type of rats. If the population 
of such a shed becomes very numerous and a native vil- 
lage of some sort springs up in the immediate neighbor- 
hood, the aberrant new type may have a swamping influ- 
ence upon a minority of typical house-rats brought along 
by the natives, so that the type may become locally com- 
mon, and temporarily supersede the ordinary house-rat. 

We remember Major Ouwens showing us great num- 
bers of white-bellied house-rats, received from a tobacco- 
growing firm in one of the big centers, Klaten. 

When there exists in a certain locality an abundant pop- 
ulation of rats of a certain species, immigration of a few 
rats belonging to the same group but to a different species 
will have no effect. And of course it will make no dif- 
ference whether the multitude belongs to the common 
species and the few immigrants to an aberrant new type, 
or reversely, as in the case of the rats in the tobacco- 
sheds. 

Ships may occasionally bring rats to Java, from Eng- 
lish India, or from Australia or Singapore, but the rat 
fauna of Java will not be enriched by a new species, as 
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the result of such an importation. At the utmost, the re- 
sult will be, that the rat population of the warehouses in 
the port of entry will become somewhat more variable. It 
may happen that a single warehouse, empty of goods and 
rats, will receive a small colony of imported rats with a 
load of rice and rattan, but on the type of the rats of Java 
such an occurrence will be of no importance. 

A very different thing must happen, when rats from 
ships come ashore in places where there is as yet no popu- 
lation of rats of that same group, for instance, on newly 
settled islands. There the imported rat population will 
gradually become constant, but as often for an own, new 
set of characters, as for those of one of the species, which 
originally went into the composition of the ship's popu- 
lation. The rat population of the bigger ships very often 
is a very peculiar one. It is not uncommon to find a very 
homogeneous lot of rats on board a ship, for which no 
corresponding type specimen can be found in any mu- 
seum. In other instances the population of a ship may be 
very heterogeneous indeed. The rat population of a ship 
originates from rats which come aboard with cargo in 
the most diverse places. By crossing of such animals, all 
kinds of new types may arise. The rats, on board a ship 
live under very peculiar circumstances. As the animals 
can not emigrate, their number is absolutely dependent 
upon the kind of goods stowed in the ship. For a time the 
circumstances may be so favorable for a multiplication 
of the animals, that the ship is speedily overrun with rats. 
Especially is this the case when part of the load affords 
good hiding places, such as rattan biuidles, and if food is 
abundant, as in a load of copra. On unloading part of 
the cargo, a famine may result, from the effect of which 
all the animals, excepting only a very few, may succumb. 
The result of such a catastrophe, especially of a series 
of catastrophes, alternating with periods of plenty, must 
be, that the population, no matter how variable at one 
time, must very quickly become pure for a genotype of 
its own. The occurrence of rats on board of ships is so 
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common that it must be an exception when a ship trans- 
ports a number of rats from one port to the other without 
changing the type. 

The rat population of a frequented port can not be 
taken as typical for the country where the port happens 
to be situated. It is always easy to find new types 1 of rats 
for museum collections in cities having much shipping. 
But it goes without saying, that such animals!, with aber- 
rant coat characters, aberrant tail length, aberrant type 
of skull, perhaps, may not be called species without 
further ado. It is very possible that at the present mo- 
ment there exist in Sourabaya twelve still undescribed 
types of rats, which exist nowhere else on Java. But it is 
probable that after ten years, thirty-five generations, 
those types will have all made place for an additional 
dozen of completely different aberrant types. 

Such new types have on Java, which is thickly infested 
by rats, no chance as house-rats, no chance as field-rats, 
no chance as tree-rats. A little better is the chance which 
species have, whose habits of life adapt them to a special 
environment, where they have little or no competition to 
fear, or at least only from species which have such a geno- 
type, that they do not mate with the invading species. 

Mus norvegicus does not mate with animals of the Rat- 
tus group and therefore this species can, without being 
annihilated, penetrate into a region which is already 
settled by Battus rats. We have tried to product hybrids 
between Mus rattus and Mus norvegicus. We put eight 
males and ten females of Mus rattus into a large cage, and 
when we observed the animals mating, we took out the 
females, and substituted an equal number of Mus norve- 
gicus females. The males kept on copulating, but al- 
though we saw numerous apparently normal matings 
taking place, we never got a pregnant female. There is, 
as we could observe, no real antagonism between Mus 
rattus and Mus norvegicus. It is our experience that if 
we put two Norvegicus rats who do not know each other 
in a small cage together, there seldom is any serious fight- 
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ing. As a rule nothing happens in particular when we 
introduce a Norvegicus to a Eattus rat. But if we put in 
one cage two Eattus rats which are strangers to each 
other, they almost always start a fight, and generally it is 
a matter of life and death. 

Mus norvegicus is a real water-rat, sewer-rat, field-rat, 
and in some parts of Java, where the poor houses have 
no floor, and where there are many covered sewers, as in 
Solo and Sourabaya, it becomes a house-rat in a certain 
sense. But it takes extreme negligence of the inhabitants 
of a house to make it shelter this rat. It happens that in 
houses where the bedstead is never moved from its place, 
and where the space below it is used as a place to dump 
the garbage, that this rat establishes itself there, exca- 
vating numerous large burrows. 

It is very remarkable that this rat, which is extremely 
uniform all through its range in Europe, is very rare in 
this island, where the geographical distribution shows it 
to be a recent immigrant, which has come in by way of 
the big rivers. The skull, the shape of the parietal ridges, 
the relative size of the bulla?, the relative size of the 
molars, the relative position of the choane, characters 
which are very constant in Europe, become very variable 
here. In size it varies very much, the biggest individuals 
weighing nearly twice as much as the biggest European 
animals. The color, which hardly varies in Europe, 
varies between very light gray agouti to a silvery blackish 
dark gray, with dark belly there. It looks to us very 
probable that this great variability may be the result of 
crossbreeding between this species and species of Gu- 
nomys or Bandicota. The variation of the species in Java 
is certainly towards the characters of these rats, which 
have a somewhat similar mode of life as Mus norvegicus. 

As yet it has not been possible to make Bandicoots 
breed in cages, although we have tried to make them do 
so in very quiet concrete rooms. "Whenever it will be 
possible to breed these rats it will be very interesting to 
observe whether Mus decumcmus will mate with Bandi- 
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coots, and whether the hybrids are fertile. It seems cer- 
tainly significant that almost nowhere is the "wirok" 
population composed of Norvegicus animals as well as 
Bandicoots. From one^ locality the people will report and 
send in gray "wiroks" (Norvegicns), from other locali- 
ties they will send long-haired black "wiroks" (Bandi- 
coots). 

From the standpoint of a systematise, it may look as 
if it were hardly more than a question of education 
whether a man is going to follow Hossack and bring all 
the animals of the Battus group to one single, variable 
species, Mus rattus, and will look upon the differences 
between the three main species of this group as unin-' 
teresting variations, because he finds all kinds of inter- 
mediates in a museum, or whether he is to take the oppo- 
site view with certain English museum people, and give a 
new species name to every couple or trio of rats of a not 
hitherto described species. 

When we start with a drawerful of dried skins, it cer- 
tainly is a matter of personal taste whether we will dis- 
tribute the skins over three or ten or twenty smaller 
drawers, each representing a species, Systematists may 
quarrel about it, whether a. difference in contour of a line 
on a skull, or a different number of scales on the tail is or 
is not sufficiently important to make a group deserve a 
species name, or whether to call it a variety of some other 
species. 

As soon as we have to deal practically with a group of 
animals like the rats of Java, and have to consider the 
economic importance of tree-rats to plantations, of house- 
rats in connection with infections, and of field-rats as re- 
gards crops, the museum kind of systematics very often 
proves insufficient, and we have to begin the work anew 
in another way. 

I remember that one day, among a batch of some ten or 
eleven thousand rats caught on that day in a sugar plan- 
tation, Ketangoengan, there were two with markedly 
ruddy hue, two with very long tails, three house-rats 
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(brought by the same boy), one tree-rat and several thou- 
sand, field-rats. If we suppose a man to prepare a batch 
of these rats to send them to a zoological museum, this 
museum would most certainly receive two reddish field- 
rats, two long-tailed ones, three house-rats, one tree-rat 
and three normal field-rats. It stands- to reason that these 
dead rats would become five species in the: museum, and 
to anybody looking through the drawer later on, these 
five species must look equivalent. 

By observing all kinds of rats with new characters in 
the descendance of hybrids, we have become very skepti- 
cal indeed in accepting as real existing species those rat 
species which are represented by two or three skins in a 
museum, such as, for instance, Mus Blanfordii, or Mus 
Diardii. 

It is possible that two real species, in the sense that 
they are real constant types, which remain constant and 
return to constancy after a cross which heightens their 
potential variability, not infrequently intercross, the 
hybrids always disappearing again into the multitude of 
typical individuals of either species. 

The finding of such hybrids has undoubtedly confused 
the species question very much ; on the one hand, several 
hybrids or sets of hybrids of the first generation, as well 
as "back crosses" must have been described as, species, 
whereas, on the other hand, some naturalists, through the 
observation of such intermediate individuals, linking the 
types of the parental species must have come to the con- 
clusion that they were dealing with only one varying 
species. 

We must never forget that, though certain systematists 
may think that they can divide a chest of skins, according 
to their taste or even after profound morphological or 
biometrical studies, into two or six or sixty species, in 
reality the boundaries between species in nature are far 
from arbitrary. And species- are really existing genuine 
groups, with natural, permanent limits. 

There do exist very peculiar groups of animals, poly- 



No. 607] BATS AND EVOLUTION 407 

morphic species. Whereas polymorphy in autogamous 
plants really means the existence of a multitude of pure 
lines, a great many closely related pure species of plants 
which can easily be seen to originate through occasional 
crossbreeding, polymorphic species in animals and wild- 
flowering plants seems to be fundamentally different, in 
that there is a continual crossbreeding going on without 
the corresponding automatic purification which we see 
everywhere. Such species as the ruff and some grouses 
are always as variable as ever. 'The street-dog popula- 
tion or the population of non-selected cats in any large 
town will furnish examples of polymorphic animal spe- 
cies. 

Now one of the chief factors in the diminishing of the 
total potential variability of a group is certainly the fact 
that a given number of animals in one population are cer- 
tainly not the descendants of a number of parents of the 
same magnitude, but of a very much smaller number of 
parents. 

And it is easily conceived how the fact that every 
female mates with several different males at each concep- 
tion changes this disparity. This would partly account 
for the continued existence of polymorphy in the ruff and 
in the cats and dogs whose breeding is unrestricted, and 
in the sugar beet. 

As to the reality and the limitations, and differences of 
species, the only way to reach a satisfactory conclusion 
is breeding them. And the possibility of breeding rats 
under scientific control is one of the reasons why so much 
of the experimental probing into the species question is 
connected with rats. 

The Javanese house-rat has a uniformly dark belly, 
dark feet and a long tail, and a certain ridge on the pari- 
etalia which no other Javanese rat possesses. Once in a 
while a rat is caught in a house or a loembong (rice store- 
house) with a short tail, or a somewhat yellow tinge, or 
with markings on the hind feet, or with a white belly. By 
a study of these individuals only, it is impossible to find 
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out whether the species house-rat is really so variable, or 
whether we are dealing with a new species, or whether 
they are hybrids having a field-rat or tree-rat father, or 
descendants, backcrosses from such hybrids. The only 
way to get light on these questions, which are not only of 
interest for economics, but for genetics as. well, is the 
making of hybrids. It is very probable that in reality 
there does not exist anything which corresponds to the 
dozens of rat species which can be found in all the mu- 
seum catalogues. 

Zoologists and botanists often make short work of the 
hybrid question, by simply calling all intermediary indi- 
viduals hybrids. In reality hybrids' are very often inter- 
mediary, especially when the parent species differ in a 
great many genes. But very often hybrids show totally 
new characters which would make them species in the eye 
of several systematicians. 

We mated the small brown agouti house-rat of Java with 
a large yellow, rather long-haired male, descending from 
a complicated cross combining Mus rattus, Mus alexan- 
drinus and' Mus tectorum. The hybrids are dark grey, 
with white belly and orange-ruddy sides, and very much 
smaller even than house-rats of the same age. Eats like 
these from a warehouse or from a ship, especially a litter 
of similar ones as in our case, would certainly have ob- 
tained a new species name in a museum. It is not impos- 
sible that similar animals with a similar origin are 
already present in a museum under a new name, as repre- 
senting a rare species. As long as we had no proof that 
a new alleged species of rats were not fairly constant 
under cultivation, and produced a not too variable de- 
scendance, we would not accept it as a good species. And 
even so, we would require to know whether there were 
anything in its habits of life, or in its relation to other 
species, which warranted a belief that it would not be 
swamped in a few generations. For the only thing which 
distinguishes a species from a variety is the automatic 
permanency of species as compared to the relative inse- 
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cure standing of varieties. If all the dwarf mice in a 
given haystack have white tail tips, because of the fact 
that the first two mice which happened to find the stack 
when it was newly made had white tail tips, we can not 
say that we are dealing with a new species. We have a 
white-tailed variety of the local species. But if we take 
a dozen of these mice into our house and succeed in breed- 
ing them in cages, we may say that now we have founded 
a domestic species. This species will continue to exist 
as long as men will keep dwarf mice in captivity (witness 
the so-called Irish rats) and long after the stack is broken 
up, and the few remaining white-tailed mice have been 
taken up into the normal species. The difference between 
species and varieties is not determined by the magnitude 
of the departure from a given type, and it is not a genet- 
ical difference. It is a difference in expected permanency. 
Varieties can become species by migrating into new sur- 
roundings, or by a change in surroundings. 

It seems more than probable that a great many species 
in museums are nothing but aberrant types which fall out- 
side the normal variability of an existing species, and 
have originated by crossing, one or more generations re- 
moved. 

As we have already said,, the only way to find out 
whether individuals intermediate between existing species 
have to be looked upon as hybrids, or descendants from 
hybrids, or as variants of one of the species, is by pro- 
ducing the hybrids and comparing them to the collected 
material. 

It is rather difficult to get rats of the Eattus group to 
breed in captivity. As we did not succeed in the begin- 
ning, we rented a small vaulted room in the ruins of a 
castle in France, fitted it out with numerous old boxes and 
baskets, faggots and straw, and turned two females loose 
in it with one male. There we gave them enough food to 
last them for a week so as to disturb them as little as pos- 
sible. 

Later on, in Bussum, Holland, we succeeded in breed- 
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ing the rats in cubical houses of four feet in each direc- 
tion, made of asbestos slates, and filled with rubbish for 
the animals to hide in. In the beginning very many 
animals refused to breed even in these cages, and as the 
animals were crossbred from the ! very start, we believe 
that a sort of very rigorous natural selection must have 
been the reason for the fact that after a few generations, 
every couple chosen could be relied upon to breed in as- 
bestos cages, four feet deep and sixteen inches high and 
wide. These cages were covered with small mesh netting 
only on one half of the front, and they opened upon a sort 
of corridor which was nearly completely dark, and could 
be darkened entirely. In Java some of our rats even bred in 
small tin cages of the size of kerosene tins. In Buiten- 
zorg the Department of Agriculture has constructed a rat- 
house from plans furnished by us, composed of a series 
of concrete rooms, so made, that the animals can be ob- 
served from a darkened corridor without knowing it, and 
a series of masonry tanks with wire covers. This house 
is used for a biological study of rats, and for experiments 
in cross-breeding, to determine the status of doubtful 
material. 

It is not necessary to clean the cages very often, if only 
they are well filled with dry straw and not overpopu- 
lated. Disturbing the animals keeps them from breeding 
freely. It happened that rats of this group bred in open 
wire-netting cages, but in these cages the danger exists 
that the mother can not make the nest sufficiently dark 
and secluded to prevent disturbance by the male. It is 
our experience, that a young female who has once neg- 
lected or destroyed her litter, is almost certainly lost for 
further work. 

As a rule the females do not leave the nest for the 
first two or three days, or as long as the young are cry- 
ing. Afterwards, they cover the young in the evening, 
bury the nest under earth, if they have it, to dig it up 
again at the end of the night. "When the young are three 
days old, the mother permits young from an earlier litter 



No. 607] BATS AND EVOLUTION 411 

to return to the nest, but exclusively the females. Only 
when the young open the eyes at fourteen to sixteen days, 
the father is permitted to return into the nest. The young 
males are kept out of the nest until the young are weaned. 

To observe the habits of rats of this group, an endless 
patience is required, as the animals, which are extremely 
sensitive to hardly noticeable sounds and movements, 
habitually are active only at night. If it is possible to 
darken the room completely, it is possible to observe the 
animals in the daytime by the light of a small lantern, 
after rousing them. "Weak artificial light seems to make 
hardly any impression upon rats or mice. 

We have seen wild rats, mating and foraging, to con- 
tinue eating or playing, even when a small lamp was 
waved to and fro under their very noses, whereas the 
same animals would be disturbed by the falling of the 
head of a match. A good plan is to feed caged rats only 
once a day, at a set hour, to which they accustom them- 
selves very rapidly, as in this way they can be counted 
upon to be up and doing at a time when it is most con- 
venient to observe them. Even wild-living rats and mice 
accustom themselves to a fixed hour of feeding. A draw- 
back of the system is that when the supply of food is not 
more than abundant, delay in feeding of only two hours 
may cause the death of recently weaned, sometimes even 
of half -grown rats. The discouragement may be looked 
upon as being partly the reason of this, for these rats are 
extremely nervous animals. A shock, a sudden fright, 
may cause them to lose consciousness for a long time, and 
fright will often kill them outright. 

To be able to observe rats of this group at our ease we 
tried to tame some of them. Young Mus decumanus taken 
at the time of weaning become tame, or rather stay tame 
without more trouble. It is impossible to get them tame 
by taking them at an age of six weeks to two months, 
when they are wild and apt to bite. Full-grown animals 
are easier to tame, even if wild caught. 

To make Mus rattus tame, it is necessary to handle the 
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nest young before they are a week old, which is possible 
only if the mother is tame enough to tolerate the dis- 
turbance. In the first generations of our work we fre- 
quently used tame Mus norvegicus females as foster 
mothers. It is especially necessary to handle the young 
from the very start at night, when they are very much 
more active. Infinite patience is required for taming 
these rats, for if once a young rat jumps from the hand, 
which easily happens, as they are very nervous, it is im- 
possible afterwards to induce it to remain on the hand. 
It is possible to get the bigger species absolutely tame, 
so that they will jump upon the owner's hand when the 
cage is opened, that they will come to the hand if it is 
held out, will feed unconcernedly, will let themselves be 
taken and restrained without resenting it, and that they 
will not let themselves be disturbed by onlookers even in 
mating. It is curious to note that they do not seem to 
know their trainer. A tame rat is tame in respect to all 
humans. It seems as if taming a rat takes away a good 
deal of its nervousness, as tame rats are very much 
quieter even if among themselves 1 , and will breed in 
smaller cages, and grow fatter than wild ones. 

Although we have had a good deal of experience in 
taming nervous small animals we have never yet suc- 
ceeded in taming the small house-rat, Mus concolor. 
Even small blind nest young are so nervous that they 
can not be induced to sit still in the hand without being 
held. All we could do was to accustom the animals to 
being restrained without resenting it. 

There is a very great difference in the disposition of 
different species of rats, even in one closely related group 
such as the Eattus group. The field-rats, Javanese as well 
as Egyptian, and from Sumatra, behave like Mus norve- 
gicus, they are reckless, timid and impulsive. An escaped 
field-rat can be caught in a moment, because it can be cal- 
culated beforehand where the animal will run, namely, 
along the walls, and thus it can be driven without any 
trouble into a cage or catching net. 
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The house-rat, European as well as Javanese, is daring, 
calculating and relatively little nervous, and on being 
persecuted, looks out very well for possible hiding places, 
in which the animal will remain immobile for hours. An 
escaped house-rat is very often found with the utmost dif- 
ficulty. Their disposition makes them relatively easy to 
tame. 

The tree-rats, Egyptian as well as Javanese, try to es- 
cape from a persecutor by climbing. They are excep- 
tionally aggressive, we have certainly been bitten more 
times by tree-rats than by all our other rats combined. 

In our breeding experiments we used for all rats a card 
catalogue. Every animal has its own card, on which are 
noted its number, the numbers of its parents, eventual 
outline drawings of its markings, and the numbers of the 
animals it has been mated with, together with the num- 
bers of its young born from these matings. In moving a 
rat from one cage to the other its duplicate card was 
moved with it to. a receptacle attached to the cage. On 
the card on file the cage number is noted' in pencil. Ani- 
mals which are dead get a distinctive mark, or their cards 
are moved to the back of the file. With such cards it is 
very easy to find out the ascendants and the descendants 
of every given animal, and it is easy to arrange the card 
on a big table in the form of a pedigree. 

"We started our experiments with Eattus rats, by taking 
over some animals from Dr. Lewis Bonhote. From our 
experiments, which we are about to describe, it became 
clear, that crossing is not only the means of recombining 
the characters of the species crossed,, as many English 
authors have it, but that .absolutely new characters may 
arise by it. This does not mean that new genes came into 
being ; the genes present were recombined in as far as the 
total potential variability of the hybrids permitted. Only 
new characters arose, which never showed themselves in 
the species without crossing. 

Dr. Bonhote in England crossed the Egyptian house- 
rat, Mus alexcmdrinus, a gray agouti rat, with rather 
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short tail and dark belly, "with the Egyptian tree-rat, Mus 
tectorum, a fulvous-agouti smaller rat with a long tail 
and white underparts, sharply demarcated. The young 
were all like tectorum. These animals, on being mated 
inter se, gave some dark-bellied young, and from the 
mating of two "tectorum" young he obtained, together 
with some dark-bellied and white-bellied agoutis, a few 
orange yellow rats. At this stage we took over his ani- 
mals. Through the excessive zeal of the French custom- 
officers, who feared that the animals 1 might carry mala- 
ria ( !), they were returned from Dieppe to London, and 
most of them died on the way, including all the yellow 
ones. When finally the rats reached us. in Verrieres, we 
obtained only a few white-bellied animals. 

White-bellied female no. 13 finally mated in the big 
room with a black French Mus rattus male, after having 
killed a great many males in cages. The hybrids were 
black and had very long tails. We lost a good many in 
transporting the animals from France to Holland. 

One of the white-bellied agouti rats obtained, tree- 
footed number 17, was mated to two black hybrid females, 
24 and 25, and with tectorum female no. 19. From the 
mating of 17 with 24 we obtained twenty young, of 
which seven were blacks, seven white-bellied agouti 
(like tectorum), five yellows and a few pearl gray. 
Among the blacks one had a white tail tip, and one of 
the white-bellied agoutis had also a white tip to the tail. 
Three of the gray-bellied agoutis were waltzers. These 
animals behave exactly like waltzing mice. They run 
around in small circles with amazing rapidity, and they 
are unable to climb. But whereas waltzing mice are less 
viable than their normal litter brothers, the waltzing rats 
are as vigorous as normals. And whereas waltzing mice 
are congenitally deaf, our waltzing rats can hear per- 
fectly normally. 

From the mating of male 17 with female 25 we obtained 
seventeen young, seven blacks, of which one waltzer and 
one white-throated, seven white-bellied agouti, two gray- 
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bellied agouti, and one agouti with lemon-yellow belly. 
As females 24 and 25 were litter sisters, with the same 
parentage, we may be allowed, for the present discussion, 
to add their young together. There were 37 young, of 
which 14 were blacks and 17 agoutis (expected 15.5 and 
15.5). Of the 37, five were yellow, one pearl gray, two 
with white tail tip, one white-throated, four waltzers, and 
one yellow-bellied, all of which are animals with totally 
new characters. 

We can easily explain the origin of the new characters 
as follows. If both parent species possess a gene, which 
by its presence or absence makes the difference between 
a normal and a waltzer, or in other words, if to be normal 
a rat's germ must at least possess either T or Z, the 
hybrids, which are impure for Y as well as for Z, having 
inherited Y from one and Z from the other parent, will 
produce one germ-cell in every four, from which both Y 
and Z are lacking. Therefore such hybrids will produce, 
when mated among themselves, fifteen normal young and 
one waltzer in every sixteen. If we expect the same rea- 
soning to hold good for a number of new recessive char- 
acters, which are displayed by neither of the parents, so 
that animals lacking W and X will be yellows, others, 
lacking U and V, will have white-tipped tails, we should 
in our case expect to find among our thirty-seven young, 
two to three (2.312) with the new character in every case. 
In reality we found yellow five, pearly gray one, white 
tail tip two, white throat one, waltzers four, yellow belly 
one, that is 2.33 on the average. 

These numbers make it clear that we are not dealing 
with a sort of period of mutation ; it was easy to see that 
the new types were already given in the genotype of the 
three species crossed. 

Female no. 24 later was mated back to her son no. 95. 
From this mating we obtained among a number of normal 
rats, one chocolate and two pearl-gray young. Later we 
obtained a cinnamon agouti rat, that is to say an animal 
that probably stands genotypically in a relation to agouti, 
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as chocolate to black. It' is to be remembered that in this 
group black is dominant to agouti. In all we obtained six 
wholly new characters from our matings, clearly as the 
result of the absence of two genes in every instance. 

Matings of white-bellied animals with gray-bellied 
gave either only white-bellied or a minority of gray- 
bellied in F 2 . Gray-bellied rats clearly have a gene less 
than white-bellied. This is the same result which Morgan 
obtained in his work with animals of this group. Black 
was dominant over agouti and clearly there were two 
kinds of blacks, with or without the gene which makes the 
difference between white-bellied and gray-bellied agoutis. 
We never obtained white-bellied black ones. But the 
blacks with the gene under discussion had a much more 
deeply black color, very often with a green or a violet 
sheen. We obtained yellow-bellied yellows, and, just as 
in the agouti series, white belly was dominant over yellow. 
Male 28 and female 34, both white-bellied yellows, gave 
three white-bellied and one yellow-bellied young. Our 
chocolate and cinnamon rats died on the steamer bring- 
ing them to Java, The character white tail tip proved to 
be recessive. We obtained pearl-gray young and yellows 
from matings between yellows and pearl grays, but yel- 
lows never produced pearl grays. Two agouti animals 
sometimes produced yellows, but never pearl gray. 
These were only obtained when one parent was either 
pearl gray or black. In other words, the factors which 
produce the difference between black and agouti animals 
are the same which make the difference between pearl 
gray and yellow. 

Our new rats, waltzers, and animals with new colors, 
such as they are can not be called species. We can make 
species out of them by continuing the breed. If we sell 
a number of animals of one color to rat fanciers, and they 
get sufficiently enthusiastic over them to provide classes 
for them at pet-shows, we will be justified in calling such 
a breed a domestic species. 

We saw that in our experiments with rats no new 
dominant characters' originated, unless we want to call 
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the colored sheen on certain black ones by that name. In 
every instance there appeared new recessive characters. 
For every one of them we could see that crossing, re- 
combination of genes, was the cause, not loss-mutation. 
But it becomes clear that it is very difficult to be sure that 
apparent cases of loss-mutation are not due to recom- 
bination, unless the number of young in the generation 
in which the novelty appears is rather large. If we 
mate a species A to a species B, and some yellow or 
long-haired or albino animals are produced in F 2 we are 
rather sure that recombination and not loss of genes 
causes the novel form, even if the number of young is too 
small to know whether the new character was found in 
one animal among every four or among sixteen. But if 
we mate two. animals belonging to one single species, and 
it happens that each possesses a gene which the other 
lacks, the two genes having equal influence on the devel- 
opment but of such a nature that animals lacking both 
are albinos, or yellows, the production of a few animals 
with new recessive character may easily be looked upon 
as' mutation. In such an instance, it will be found that 
the two animals which produced the heterozygote who 
gave the aberrant young would be found to be homo- 
zygous in respect to the presence of "the" factor. For 
if we mate an animal having YY to the new form yyzz, 
all the young will be dark, and none albino. Conversely, 
if we mate the ZZ parent to the albino, it will also be 
found to be homozygous, all the young will be colored. 
In other words, test mating will in certain instances be in- 
sufficient proof for the occurrence of a loss-mutation. 

In the days when we talked about "unit-characters" 
and the factors which "determined" unit characters, it 
was commonly held that crossing in the widest sense, 
mating of forms with diverse genotype could not count 
for very much in evolution, as it could only recombine 
existing characters and not create new ones. "We have 
since learned to look upon the genes as upon things 
which help with other factors in the development to make 
an organism develop, and we now know that the action 
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of genes upon what were called "unit-characters," is a 
very indirect one. "We now know that new characters 
may certainly come into 'being through recombination of 
genes. Becombination may result in the origin of new 
recessive characters, and this process may look very 
much like loss-mutation. And crossing may result in the 
origin of new dominant characters, color in chickens, in 
rabbits, extra toes in chickens 1 ., and this process will look 
very much like positive mutation, the creation of a gene 
out of nothing. If we except CEnothera species, dividing 
the organic world into animals, plants and CEnotheras, 
for as long as no solution is found for the baffling delayed 
and abnormal segregation in CEnothera hybrids, we may 
sum up as follows : 

Evolution is the result of a combination of all those 
causes which heighten variability and which limit it. 

The only cause for inheritable variability in multicellu- 
lar organisms which can be of any account in evolution 
is mating between individuals' of unequal genotype, cross- 
ing in the wide'st sense (Amphimixis). 

All those causes which tend to reduce the potential 
variability of a group of organisms tend to make vari- 
eties or species of these groups. Such causes are iso- 
lation, migration, adaptation, selection and especially the 
fact that, either periodically or regulaiij 7 ', the number of 
individuals of one generation is very much smaller than 
that of the preceding one. This cause of purification of 
the type, which we see in operation everywhere (think 
of the numbers of house-flies a year in the last and 
first generations), operates quite regardless of adapta- 
tion or fitness. To this cause working upon variation 
may be ascribed numerous characteristics^ for which we 
can invent no earthly use, and for which nevertheless 
species are pure. 

Whereas species and varieties are realities, systematic 
division of the organic world into groups of higher mag- 
nitude is wholly arbitrary, and may without any doubt be 
arranged to suit the capacity of museum cupboards. 



